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Background: IL-4 receptor a chain is crucial for the binding and signaling of IL-4,
which mediates isotype switching and IgE production. The gene of IL-4 receptor a
chain is a candidate gene for asthma and atopy.
Objectives: To determine whether Ile50Val and Q576R polymorphisms of IL-4
receptor a chain gene were associated with asthma and higher level of total IgE in
Chinese, Malay and Indian populations.
Methods: About 303 physician-diagnosed asthmatic subjects (145 Chinese, 73 Malay,
85 Indian) and 355 unselected blood donors (157 Chinese, 98 Malay, 100 Indian) were
recruited. Total serum IgE level was measured by ELISA. Genotypes of Ile50/Val and
Q576R were determined by PCR and restriction enzyme length polymorphism (RFLP).
Results: Ile50Val heterozygote is less frequent in asthmatics than in controls in
Malay population (P ¼ 0.007). No difference was found in Chinese and Indian
population. Ile50/Ile50 was more prevalent in higher total serum IgE group
(IgE4100 IU/ml) in Malay. The prevalence of Ile50/R576 haplotype was lower in
asthmatics than controls in Chinese (P ¼ 0.046); while the prevalence of Ile50/Q576
haplotype was lower in asthmatics than in controls in Malay (P ¼ 0.048). The
frequencies of the two single nucleotide polymorphisms (SNPs) and haplotypes vary
among ethnicities (Po0.05).
Conclusion: IL-4RA gene polymorphisms and its haplotypes showed ethnic varia-
tions. The association between IL-4RA gene polymorphisms, its haplotypes and
asthma differed from ethnicities.
& 2006 Published by Elsevier Ltd.Published by Elsevier Ltd.
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IL-4RA gene is polymorphic, and at least 16
polymorphisms have been identified to date. Eight
of them cause amino acid substitution. Ile50Val,
S478P and Q576R are associated with functional
changes of the receptor. Q576R is located in the
cytoplasmic domain of the IL-4RA. It is associated
with higher level of low-affinity IgE receptor (CD23)
expression by impairing the binding of the negative
regulatory molecule, protein tyrosine phosphatase
SHP-1 to immunoreceptor tyrosine-based inhibitory
motif (ITIM) in the cytoplasmic tail of IL-4RA. Q576R
has been associated with hyper-IgE syndrome and
severe atopic eczema,1 asthma and asthma sever-
ity.2 Ile50Val, the only known extracellular variant
of human IL4RA,3 significantly upregulates receptor
response to IL-4, and results in increased activation
of signal transducer and activator of transcription 6
(STAT6), increased cell proliferation and increased
IgE production. Ile50Val has been associated with
atopy and atopic asthma.4 Alleles of S478P and
Q576R are in strong linkage disequilibrium.5
In this study, we screened two polymorphisms in
the IL-4Ra gene (Ile50Val; Q576R) and constructed
the two-locus haplotypes of IL-4Ra gene to inves-
tigate its association with asthma in Chinese, Malay
and Indian in Singapore.Methods
Study subjects
A total of 303 physician-diagnosed asthmatic
patients (145 Chinese, 73 Malay and 85 Indian)
and 355 unselected blood donors and healthy
volunteers (157 Chinese, 98 Malay and 100 Indian)
were recruited from the ambulatory care unit of
the National University Hospital.
All the patients were either born in Singapore or
had resided in Singapore for more than 30 years. All
the asthmatic subjects were adults who had
physician-diagnosed asthma; and had repeated
admission for severe acute asthma to the National
Universisty Hopital of Singapore. They have marked
airway responsiveness as shown by documented
evidence of 415% improvement in forced expira-
tory volume in 1 s (FEV1) after administration of
400 mg of inhaled salbutamol or a 2-week course of
20mg oral prednisolone.
A modified American Thoracic Society question-
naire concerning respiratory symptoms was admi-
nistered to all asthmatic subjects. Skin prick test
for atopy to 19 common allergens, including housedust mite (Greer Laboratories, NC, USA) was
performed on all asthmatic patients. Positive skin
prick test was defined as a wheal size of at least
5mm greater than the negative control.
Total serum IgE measurement
Due to the lack of serum samples from controls,
only total serum IgE from asthmatics were mea-
sured by ELISA with commercial kits (IBL, GmbH
Germany). We analyzed the total serum IgE
values in two categories: lower IgE group (total
IgEp100 IU/ml) and high IgE group (total IgE4
100 IU/ml).
Genotyping
Genotypes were determined by restriction frag-
ments length polymorphism (RFLP) methods.6,7
First, two fragments spanning Ile50Val and Q576R
polymorphic sites were amplified. Then the ampli-
fied fragments were subjected to restriction
enzyme digestion. The digestion products were
separated on 2.5% agarose gel stained by ethydium
bromide.
Statistical analysis
The differences in allele frequencies among differ-
ent ethnic groups, and the association between
asthma and each IL-4RA allele were analyzed by
w2-test. The association between asthma and
genotype was analyzed by logistic regression to
adjust for potential confounding factors (age and
gender). Haplotype frequency estimation and Hard-
y–Weinberg equilibrium were calculated using the
Arlequin software package. Associations between
haplotype frequencies and asthma in each ethnic
group were analyzed by w2-test. The significance
level was set at a ¼ 0:05 for all analyses. All the
statistical analysis was performed with SPSS 11.5
(SPSS Inc., Chicago, USA).Results
The mean age of the asthmatics is 50.5, while it is
32.8 in the control group. About 40% of the patients
are male compared with 60% of males in the control
group. Table 1 shows the genotype and allele
frequencies of the Ile50Val and Q576R in the study
subjects. For both polymorphisms the overall
observed distribution of homozygotes and hetero-
zygotes in control groups conformed to the ex-
pectations based on Hardy–Weinberg analysis.
ARTICLE IN PRESS
Table 1 Genotype and allele frequencies of Ile50Val and Q576R polymorphisms of IL-4RA gene in study subjects.
Genotype or
allele
Chinese Malay Indian
Asthma
(n ¼ 145)
Control
(n ¼ 157)
P-value Asthma
(n ¼ 73)
Control
(n ¼ 98)
P-value Asthma
(n ¼ 85)
Control
(n ¼ 100)
P-value
Ile50Val
Ile50/Ile50 32 (22) 42 (27) 0.372 23 (31) 28 (29) 0.090 29 (34) 29 (29) 0.324
Ile50/Val50 84 (58) 76 (48) 0.430 26 (36) 54 (55) 0.007 44 (52) 50 (50) 0.312
Val50/Val50 29 (20) 39 (25) — 24 (33) 16 (16) — 12 (14) 21 (21) —
Ile50 148 (51) 160 (51) 0.985 72 (49) 110 (56) 0.212 102 (60) 108 (54) 0.246
Val50 142 (49) 154 (49) — 74 (51) 86 (44) — 68 (40) 92 (46) —
Q576R
R576/R576 0 4 (3) 0.999 12 (16) 13 (13) 0.195 7 (8) 5 (5) 0.281
R576/Q576 30 (21) 38 (24) 0.363 25 (34) 25 (26) 0.154 32 (38) 30 (30) 0.102
Q576/Q576 115 (79) 115 (73) — 36 (49) 60 (61) — 46 (54) 65 (65) —
R576 30 (12) 46 (15) 0.274 49 (34) 51 (26) 0.129 46 (27) 40 (20) 0.109
Q576 260 (88) 268 (85) — 97 (66) 145 (74) — 124 (73) 160 (80) —
Frequencies are listed as number (%).
Odds ratio ¼ 0.32.
Table 2 Frequencies (%) of two locus haplotypes for IL-4 receptor gene between asthmatics and controls.
Haplotypes Chinese Malay Indian
Asthmatics
(N ¼ 145)
Controls
(N ¼ 157)
P-value Asthmatics
(N ¼ 73)
Controls
(N ¼ 98)
P-value Asthmatics
(N ¼ 85)
Controls
(N ¼ 100)
P-value
Ile50/R576 5.5 11.3 0.046 24.6 18.7 0.664 17.2 12.8 0.107
Ile50/Q576 45.6 39.6 0.338 24.8 37.4 0.048y 42.8 41.2 0.230
Val50/R576 4.9 3.3 0.394 9 7.3 0.836 9.8 7.2 0.157
Val50/Q576 44 45.7 — 41.7 36.6 — 30.2 38.8 —
Odds ratio ¼ 0.511.
yOdds ratio ¼ 0.582.
W. Zhang et al.188The prevalence of heterozygous of Ile50Val was
lower in asthmatics than that of controls in Malay
population after adjustment of the age and gender
(P ¼ 0.007; odds ratio ¼ 0.32). In addition, there
were differences in allele and genotype frequen-
cies of the two IL4RA polymorphisms among the
three populations in this study. The prevalence of
R576 (15%) in Chinese was significantly lower than
that of Malay (P ¼ 0.001). No other allele differ-
ences were noted in other ethnic groups. Genotype
variations were apparent for the two polymorph-
isms of IL-4RA (Po0.05) in our study populations.
Table 2 shows the estimated two-locus haplotype
frequencies of IL-4RA gene in asthmatics and
controls. We found that the frequencie of Ile50/
R576 haplotype was lower in the Chinese asth-
matics than the Chinese controls (P ¼ 0.046; odds
ratio ¼ 0.511). In the Malay subjects, the fre-quency of Ile50/Q576 haplotype was lower among
the asthmatics than the controls (P ¼ 0.048; odds
ratio ¼ 0.582). No significant difference was ob-
served in the Indian subjects (P40.05).
We also found that Ile50/Ile homozygote was
marked more prevalent in the group with high total
serum IgE level than the group with lower IgE group
in Malay asthmatics (P ¼ 0.031; odds ratio ¼ 13.1)
(Table 3). But no significant difference was
detected in asthmatics from Chinese and Indian
(P40.05).Discussion
In the present study, we determined the two single
nucleotide polymorphisms (SNPs) (Ile50/Val50,
ARTICLE IN PRESS
Table 3 Genotype frequencies (%) of Ile50Val and Q576R polymorphism of the IL-4RA gene in individuals with
high and low total serum IgE.
Genotype Chinese Malay Indian
Total
IgEp100
IU/ml
(n ¼ 52)
Total
IgE4100
IU/ml
(n ¼ 93)
P-value Total
IgEp100
IU/ml
(n ¼ 16)
Total
IgE4100
IU/ml
(n ¼ 57)
P-value Total
IgEp100
IU/ml
(n ¼ 14)
Total
IgE4100
IU/ml
(n ¼ 71)
P-value
Ile50/Ile50 23.1 21.5 0.964 6.3 38.6 0.031 14.3 38.0 0.326
Ile50/Val50 57.7 58.1 0.960 43.8 33.3 0.479 71.4 47.9 0.742
Val50/Val50 19.2 20.4 — 50.0 28.1 — 14.3 14.1 —
R576/R576 0 0 — 12.5 17.5 0.588 7.1 8.5 0.858
Q576/R576 26.9 17.2 0.190 37.5 33.3 0.575 42.9 36.6 0.467
Q576/Q576 73.1 82.8 — 50.0 49.1 — 50.0 54.9 —
Odds ratio ¼ 13.1.
IL-4 receptor genetic polymorphisms and asthma in Asian populations 189Q576R) of IL-4RA in Chinese, Malay and Indian.
There were differences in genotype frequencies
of the two SNPs among three ethnic groups.
In asthmatic group, the prevalence of Ile50/Ile50
in Chinese (22%) was significantly lower than that in
Malay (31.5%) (Po0.05); the prevalence of R576R
in Chinese (0%) was significantly lower than that
in Malay (16.4%) and Indian (8.2%) (Po0.05). In
control group, the prevalence of R576R in Chinese
(2.5%) was significantly lower than that in Malay
(13.3%). Other comparison of genotypes did not
reveal any differences.
Previous studies had found that R576 allele and
Ile50 allele to be correlated with hyper IgE
syndromes and atopic asthma.1,4 The findings were
based on the following observations: R576 was
associated with higher levels of expression of CD23
by IL-4 than the wild-type allele with enhanced
signaling of IL-4 recepor; Ile50 variant of IL4RA
significantly upregulates receptor response to IL-4,
with resultant increased activaton of Stat6 and
increased IgE production.1,4 However, in this study,
we found that the prevalence of Ile50Val50
was significantly lower in patients than that in
controls in Malay population. No significant differ-
ence was noticed when other comparisons of the
two SNPs between patients and controls were
performed.
Unlike single-gene caused disease, susceptible to
complex disease, such as asthma is caused by the
small individual effects of many low-penetrate
common alleles.5 In addition, variants within single
genes are also likely to be in linkage disequilibrium
in human populations, rendering it difficult to
determine the association between single SNPs
and asthma. Therefore, haplotype analysis was
occupied recently as it could be more informativethan the single gene investigation. Our study
showed that the prevalence of Ile50/R576 and
Ile50/Q576 were lower in asthmatics than that in
controls in Chinese and Malay populations, respec-
tively. This is in contrast with other recent
publications. In a study by Bottini et al.8 it was
found that no haplotypes arising from these two
SNPs was associated with atopic asthma in a
population from UK. However, till recently, another
study by Beghe et al.9 found that Ile50/Q576 was
strongly associated with atopic asthma in another
population from UK. Interestingly, the design of
both studies was similar, the only difference
between the two studies was the former was from
a population from Oxford, the latter from south of
England. This lead to two explanations: First,
different disease-associated variants may be on
different haplotype backgrounds in different popu-
lation because of human population history and
structure.5 Second, environmental factor may play
an important role in the development of pheno-
types of asthma. In other words, any association
found should be explained with care. Certainly, we
could not rule out the possibility that other
haplotypes of IL4RA that could be associated with
asthma in our study populations. Further genotyp-
ing on other SNPs were needed to clarify the
complex association.
Our results indicate that IL4RA may exert an
important influence on the development of asthma
and atopy in Chinese and Malay populations.
However, since our sample size was relatively small
and only two SNPs of IL-4RA were genotyped,
association or linkage study in larger sample size
and multiple loci are needed to clarify the
inheritance role of IL-4RA in the development of
asthma and atopy.
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